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Synthesis of NaGdF4: UCNPs were synthesized using the thermal decomposition method combined with a seed-mediated shell growth strategy. [2] [3] [4] Metal-trifluoroacetate precursors including 1 mmol CF3COONa and 1 mmol Gd(CF3COO)3 were added to a three-necked flask (100 mL) containing a mixed solution of OA (10 mmol), OM (10 mmol) and ODE (20 mmol).
Then the solution was heated to 120 °C with vigorous stirring under vacuum and then heated to 310 °C and maintained at this temperature for 50 min under N2 atmosphere. After cooling to room temperature, the products were collected by centrifugation, and then re-dispersed in 10 mL of cyclohexane. A 5 mL of the as-prepared colloidal solution was added into a mixture of OA (20 mmol) and ODE (20 mmol) containing extra metal-trifluoroacetate precursors (0.5 mmol CF3COONa, 0.5 mmol Gd(CF3COO)3). The solution was heated to 120 °C and kept for 0.5 h under vacuum to remove cyclohexane, water and oxygen. The resulted clear solution was heated to 310 °C and maintained for 50 min under N2 atmosphere. After cooling to room temperature, the NaGdF4 UCNPs were precipitated out by the addition of ethanol, collected by centrifugation, and re-dispersed in 10 mL of cyclohexane.
Synthesis of NaGdF4@NaGdF4:Yb,Er core-shell UCNPs: 2.5 mL of the as-prepared NaGdF4 UCNPs colloidal solution, used as seeds for epitaxial growth, was added into a mixture of OA (20 mmol) and ODE (20 mmol) containing precursors of shell (1 mmol CF3COONa, 0.78 mmol Gd(CF3COO)3, 0.2 mmol Yb(CF3COO)3, and 0.02 mmol Er(CF3COO)3). The solution was heated to 120 °C and kept for 0.5 h under vacuum to remove cyclohexane, water and oxygen. The resulted clear solution was heated to 310 °C and kept for 50 min under N2 atmosphere. After cooling to room temperature, the core-shell UCNPs were precipitated out by the addition of ethanol, collected by centrifugation, and stocked in 10 mL of cyclohexane. Synthesis of NaGdF4@NaGdF4:Yb,Er@NaGdF4 sandwich-structure UCNPs: 5 mL of the as-prepared NaGdF4@NaGdF4:Yb,Er core-shell UCNPs colloidal solution, used as seeds for epitaxial growth, was added into a mixture of OA (20 mmol) and ODE (20 mmol) containing precursors of shell (0.5 mmol CF3COONa, 0.5 mmol Gd(CF3COO)3). The solution was heated to 120 °C and kept for 0.5 h under vacuum to remove cyclohexane, water and oxygen. The resulted clear solution was heated to 310 °C and kept for 50 min under a N2 atmosphere. After cooling to room temperature, the core-shell-shell UCNPs were precipitated out by the addition of ethanol, collected by centrifugation, and stocked in 10 mL of cyclohexane.
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Synthesis of the TPS: TPS was synthesized according to previous reports. [5] Typically, APTES (15 μmol) and TCPP (3.75 μmol) were dissolved in DMF, EDC (15 μmol) and NHS (15 μmol) were added to this solution. The mixture was stirred for 24 h at room temperature to form TPS precursors via the amidation reaction between the amino group of APTES and the carboxylic acid groups of TCPP. SOSG assay: Typically, 10 µL of SOSG stock solution (0.5 mM) was added into 1 mL of UC@PS water solution (100 µg/mL). The solution was kept in the dark or irradiated with 980 NIR lights. For 980 nm treatment, the solution was irradiated with 980 nm laser (1.2 W/cm 2 ) for various times. For 808 nm + 980 nm treatment, the solution was firstly irradiated with 808 S4 nm laser (0.25 W/cm 2 ) for 30 s, and then irradiated with 980 nm laser (1.2 W/cm 2 ) for various times. The fluorescence of SOSG was measured to evaluate 1 O2 production.
Synthesis of UC@PS

NIR-activated imaging in live cells by confocal microscopy: Murine breast cancer cells
4T1 (from ATCC) were cultured in RPMI 1640 supplemented with 10% FBS and 1% penicillin-streptomycin at 37 °C in a humidified atmosphere of 5% CO2. For confocal imaging, 4T1 cells were seeded in 35 mm glass-bottom confocal dish (2 × 10 5 cells/well) and incubated for 24 h. RPMI 1640 medium was replaced with 500 μL Opti-MEM medium containing UC@PS or UC@PS/C-DAE (100 µg/mL). After 4 h incubation, the cells were washed thoroughly with PBS for 5 times, and 500 μL Opti-MEM medium was replenished.
For the photoactivation, the cells were irradiated with 808 nm laser for 3 min for activation (0.5 W/cm 2 ). The treated cells were collected for fluorescence imaging. another 20 min incubation in the dark. For the photoactivation, the cells were irradiated with 808 nm laser for 3 min for activation (0.5 W/cm 2 ). For the 1 O2 generation, the cells were irradiated with 980 nm laser for 20 min (1.2 W/cm 2 , 5 min break after 1.5 min irradiation).
Detection of intracellular
The post treatment cells were collected for fluorescence imaging.
Fluorescence quantification with flow cytometry: Cells were seeded in 6-well plate (2 × 10 5 cells/well). After 24 h incubation, cells were treated with different treatments as depicted in the parts of confocal imaging. Then, the cells were trypsinized with 300 μL trypsin for 3 minutes, and neutralized with 600 μL RPMI 1640 medium containing 10% FBS. Cells were centrifuged at 1500 rpm for 3 min, and washed twice with PBS for flow cytometry assay.
Cell viability test:
Cells were seeded in 96-well plate (2 × 10 4 cells/well). After 24 h incubation, cells were treated with different concentration (25, 50, 75, 100 µg/mL) of UC@PS for 4 h, and then washed and replaced with fresh culture medium. For each concentration, cells were treated without or with 980 nm irradiation for 20 min (1.2 W/cm 2 , 5 min break after 1.5 min irradiation). After these treatments, cells were maintained for another 24 h. Finally, 100 μL fresh culture medium containing 10% CCK-8 was added to each well. After 1 h incubation, the absorbance was measured at 450 nm using the microplate reader. Cells without any treatment was set as negative control.
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For validation the 808 nm light activatable PDT, cells were treated with UC@PS or UC@PS/C-DAE at an UC@PS dose of 100 µg/mL for 4 h, and then washed and replaced with fresh culture medium. NIR treatment was performed with 980 nm or 808 nm + 980 nm laser irradiation (808 nm laser for 3 min; 980 nm laser for 20 min, 1.2 W/cm 2 , 5 min break after 1.5 min irradiation). After the treatments, cells were maintained for another 24 h. Finally, 100 μL fresh culture medium containing 10% CCK-8 was added to each well. After 1 h incubation, the absorbance was measured at 450 nm using the microplate reader. Cells without any treatment was set as negative control. calculated by the TG-DTA analysis. [5] As shown in Fig. S8a , the free TCPP decomposed through a two-step process from 350 °C to 600 °C. The weight loss of UC@PS in this temperature range could be assigned to loss of TCPP unit (Fig. S8b) , allowing calculation of the content of TCPP in the NPs. The content of TCPP unit in the UCNP@PS was calculated to be 18 wt% based on this approach. S16 
In vivo imaging:
